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ABSTRACT 
Water shortage is one of important factors limiting yield and production of some crops in arid and semi-arid areas 
like Iran. Grafting crops on resistance rootstock can respond better to water shortage. In order to this object response 
of Citrullus lunatus cv. Crimson Sweet grafted on bitter apple and Shintosa rootstocks under water deficit conditions 
were studied. This experiment performed as split plot in randomized complete block design with four irrigation 
regime, 100, 80, 60 and 40 % of available water as main plot and grafting on bitter apple (Citrullus colocynthis (L.) 
Schrad) and Shintosa (Cucurbita maxima Duch. × Cucurbita moschata Duch.) as sub plot with three replications. 
Based on the results, some traits such as fruit firmness, total soluble solids, total yield, root length, number of roots, 
flavonoids contents, antioxidant capacity and total phenolic compounds increased significantly in plants grafted on 
bitter apple rootstock comoare to other plants, under water deficiency. According to results, bitter apple could be 
suggested as suitable rootstock under low irrigation conditions, maintaining acceptable yield and fruit quality 
attributes compare to Shintosa. 
 
Keywords: Available water, bitter apple, rootstock, water deficit.  
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texture 
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Silt  
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Clay  
(%) 

Depth of digging  
(cm) Number of samples 

32.47 Clay loam 28.70 35.41 35.87 0-30 1 
30.31 Clay loam 28.66 34.15 37.17 0-30 2 
29.8 Clay loam 27.35 32.88 39.5 0-30 3 
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 &��� &2 6HI3 .',P�2  C��1) ����3 :+�! .(

 ��+-5 &2 ��	�) '� �� C�� E�W :�
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��'2 .��

 &$ ��� ��P3 o��,3 � �3�
 E�*+) u���* �'�#	5 �2

a$ \-) ;�
 \��
Y�  "7���* �'�#	5 �.���2N

 �����8 �� "7���* �'�#	5 E�',P�2 .6Y�� \��$

 ^��
8 �2 &$ �
 :���P! .�3+��et al. Kyriacou 

)2017( � '2 "-H! �� � "��#8 �� h�'I) '2 �3+�� '(

 .���� J�H]3� :+�! .��n) ���7� &n�,3 :+�! E�=��

 s]7 �� :�
��=+)80  �*� /01+2� &��� �� �O��

 s]7 *� '�d .���2N k+]7 &�#$ �� � 6
�� .')G�2

100 "-K! [`,B� �2 &��� E�� ��O�� '��7 *� .���

&���:+�! ���E�R-7 .���1) �'$ ��=+) .')C�3 .( 

  
C��1 2.  X3����� &�
n) o��,3 � .���2N a$ '(��3+��  '26�@+7 �+I	�'$ &3���-� :+�! "<�$ � "	$ ;�<O. 

Table 2. Results of variance analysis effect of water deficit irrigation and grafting on quantitative and qualitative 
traits of watermelon cv. Crimson Sweet. 

 
Source of variation 

 Mean of squares 
df Number of fruit Fruit weight Yield per plant Early yield Water use efficiency 

Replication 2 16.76 ns 0.01 ns 0.44 ns 0.02 ns 3.21 ns 
Water deficit irrigation 3 2.52 ** 22.24 ** 208.52 ** 33.59 ** 46.66 ns 
Error (a) 6 0.09 0.08 0.62 0.09 11.28 
Grafting 2 1.68 ** 7.75 ** 85.16 ** 13.17 ** 1369.35 ** 
Water deficit irrigation × grafting 6 0.87 ** 2.68** 53.17 ** 6.65 ** 336.93 ** 
Error (b) 16 0.08 0.09 1.89 0.16 15.66 
CV (%) - 17.24 7.13 16.86 14.83 16.23 

ns� * �+H3 Z�)') &2 ** � ;��<)��� "-K! �  s]7 �� ��� "-K! ;��<)5 �1  .�O�� 
ns, *, **: Non-significantly difference and significantly difference at 5 and 1 percent of probability level, respectively. 
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��,  

 ��=+) �2 /01+2� &���93/49  ',! '� .�*� &2 �'8+#�$

 &��� � 6
�� �� MN ['>! "����$ E�',P�2 �MN ZK�!

E���� �'�#	5 �2 �*+,-�
 .',	$ MN ['>! "����$ �')

 s]7 
1 &2 &$ �
 :���P! E�-m	� .6
��100 

�� u',7� /2�? MN �O��  �*+,-�
 &��� k+]7 &� 2

 �� MN ['>! "����$ E�',02 /01+2� &��� � E�',	$

 C��1) �-,
��3 .(&3���-� �� &2 6HI3 .�3+�� .��

.�3+��'�d '�(�) 6D) MN ['>! "����$ ��
�! ��

"! \��
Y� �\-) �2��(Rouphael et al., 2008).  
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 �3+�� .��

 ��
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 �� ���
100  u',7� /2�? MN �O��

 k+]7 &�#$ �� &$ "=�Q �� �'$ /	5 /01+2� &��� &2�P!

 ��
�! �*+,-�
 &��� �.���2NTSS  C��1) 6
�� .',	$

6 ^��
8 �2 &$ (Liu et al. (2006)  \��$ '2 "-H!

 6 2�]! �*+,-�
 ��$ &��� �� C+#D! �!�1 ��+! ��
�!

 E�-m	� .������
�! ��+! �!�1 C+#D!  u�7� '2

 *� "
��
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E�',P�2 .�3+��'�d � �*+,-�
 &2 6HI3 ��� ! .�+2  

��!� 01�" �2�'  

 &2 �+2 '(+! 
�3 :+�! 6
+8 ",<7 '2 E�-m	� �3+��

 �
 ",<7 ��
�! \��
Y� ZH7 /01+2� &��� &$ .�+U

"2 �*+,-�
 &��� &$ "=�Q �� &�#$ �� &$ �'W �+2 '�(�)

 ���
 6�@+7 �+I	�'$ �2 ")��<) .���2N k+]7

6
��3  C��1)6 ^��
8 �2 &n�,3 E�� &$ (Bigdelo 

et al. )2017(  &��� �� 6
+8 ",<7 ��+2 G�2 '2 "-H!

 ;'��e! .�3+��'�d � /01+2� &��� &2 6HI3 �*+,-�


.6
�� 

  

��!� 0'�� 0��34  

 &$ �
 :���P! :+�! 67+� 6!�L| 6<O ��

&��� :+�! &$ �'W �-,
�� ")��<,! '(� b#,L! .��  .��

&���   s]7 
1 &2 .���2N b#,L! k+]7 �� /01+2�

١٠٠ a�L| 67+� �u',7� /2�? MN �O�� .')

"=�Q �� �-,
��  s]7 �� &$100  /2�? MN �O��

 �3+�� �����8 �� :+�! 67+� 6!�L| \��$ �u',7�
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6 �2 &$ (

 ^��
8Bigdelo et al. )2017(  ��+2 ')�+]? '2 "-H!

&2 .���� ;'��e! �*+,-�
 &��� �� :+�! 67+�  �.�� '�

 ^��
8 &2 &1+) �2Xu et al. )2005(  67+� 6!�L|

"! :+�! .�����H3� � / 3 � /	Q .�'2 "8l�� 9� �3�+)

 .�
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C��1 3.  /2� ,! '(� E�R3��! &I�� !a$  �3+�� � .���2N'2 .�3+��'�d � .�3+�� 6�@+7 �+I	�'$ &3���-� �� &K=�]! ��+! ;�<O.  
Table 3. Means comparison interaction effect of water deficit irrigation and grafting on studied traits of grafted and 

non-grafted watermelon cv. Crimson Sweet. 

Water deficit irrigation Grafting Fruit number 
Fruit weight 

(Kg) 
Yield 

(Kg/m2) 
Early yield 

(Kg) 

Water use 
efficiency 
(Kg/m3) 

AW 100% 

Crimson Sweet/Shintosa 2.83 a 6.00 b 8.5 a 5.50 b 28.33 bc 
Ungrafted 
Crimson Sweet 

2.16 bc 6.02 b 6.52 b 3.56 d 21.73 cd 

Crimson Sweet/Bitter apple 2.16 bc 5.49 bc 5.9 bc 3.62 d 19.66 de 

AW 80% 

Crimson Sweet/Shintosa 1.16 de 3.40 e 8.49 a 4.76 c 9.95 f 
Ungrafted 
Crimson Sweet 

1.66 cd 4.26 d 3.55 d 3.58 d 17.77 de 

Crimson Sweet/Bitter apple 2.66 ab 6.87 a 9.15 a 7.53 a 42.93 a 

AW 60% 

Crimson Sweet/Shintosa 0.66 e 3.76 de 2.75 fg 0.75 f 12.58 ef 
Ungrafted 
Crimson Sweet 

1.83 c 3.39 e 3.05 de 0.62 f 30.51 b 

Crimson Sweet/Bitter apple 1.83 c 5.36 c 4.91 c 1.65 e 40.20 a 

AW 40% 

Crimson Sweet/Shintosa 0.66 e 1.08 g 0.53 g 0.61 f 5.55 f 
Ungrafted 
Crimson Sweet 

1.16 de 2.48 f 1.45 fg 0.82 f 24.30 b-d 

Crimson Sweet/Bitter apple 1.66 cd 2.80 f 2.33 d-f 2.11 e 38.90 a 

ns� * � ** s]7 �� ��� "-K! ;��<) � ��� "-K! ;��<) �+H3 Z�)') &25 �1 .�O�� 
ns, *, **: Non-significantly difference and significantly difference at 5 and 1percent of probability level, respectively. 
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C��1 4 . o��,3 .���2N a$ '(� X3����� &�
n)'2 &��� � "2��*�� ;�<O &3���-� �� :�
.�3+��'�d � .�3+�� .��.  
Table 4. Results of variance analysis effect of water deficit irrigation and grafting on evaluated traits in grafted and 

non-grafted watermelon. 

 
Source of variation 

   Mean of squares 
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Replication 2 0.05ns 0.005ns 0.011ns 421692.59ns 5.50ns 9.63 ns 6.56 ns 1651.31 ns 1.02 ns 
Water deficit irrigation 3 2.69** 0.235** 0.448** 8519456.28 ** 10.66 * 71.07 ** 192.60 ** 23764.29 ** 10.92 ** 
Error (a) 6 0.20 0.036 0.008 117528.70 7.28 3.51 5.10 3115.79 0.39 
Grafting 2 14.66** 0.392** 2.220** 1575752.72 * 69.51 ** 19.76 ns 232.05 ** 6328.25* 0.60 ns 
Water deficit irrigation× grafting 6 0.75** 0.113 * 0.658 ** 1509770.84 ** 3.61 ns 11.08 ns 79.53 ** 5988.14 * 4.18** 
Error (b) 16 0.14 0.033 0.006 282473.33 3.09 7.30 4.11 1558.96 0.95 
CV (%) - 4.26 9.337 6.455 19.82 16.03 14.78 5.19 13.49 17.33 

  

  

ns� * ** � s]7 �� ��� "-K! ;��<) � ��� "-K! ;��<) �+H3 Z�)') &25 �1 .�O�� 
 

 

  

ns, *, **: Non-significantly difference and significantly difference at 5 and 1percent of probability level, respectively. 
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 67� "�PB \-)(Sanchez et al., 1998). 
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(Farooq et al., 2009)"! � ��+)
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Y� �+1� '2 C�� �� 6<O E�� �� :�


 \��!*N E�� "7�'2 ��+! �����8 �� /	D) �
�3��!

.6I3��  

  

 C��15 '(� E�R3��! &I�� ! .a$  .���2N ;�<O "Q'2 '2.�3+��'�d � .�3+�� &3���-�. 
Table 5. Means comparison effect of water deficit irrigation on some traits of grafted and non-grafted watermelon. 

Water deficit irrigation Relative water 
content (%) Stem No Root No Internode length (cm) 

AW 100% 

AW 80% 

AW 60% 

AW 40% 

62.96 b 
70.83 a 
71.50 a 
68.85 a 

12.44 b 
13.97 a 
9.44 b 
7.77 b 

9.83 b 
12.38 a 
10.50 b 
11.13 ab 

5.09 a 
5.27 a 
4.52 b 
3.5 c 

s]7 �� .��� "-K! ;��<)�f',P! ['Q 9� /?��Q �2 .�� E�R3��! �+,7 '� �� * 5 .�3���3 �O�� 
* In each column, means with similar letters are not significantly difference at 5% probability level. 

  

C��1 6.  /2� ,! '(� E�R3��! &I�� ! .���2N a$ �3+�� �'2 &3���-� ;�<O "B'2 .�3+��'�d � .�3+��  
Table 6. Mean comparison interaction effect water deficit irrigation and grafting on some traits of grafted and non-

grafted watermelon.  
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AW 100% 

Crimson Sweet/Shintosa 7.96c-e 1.84 de 1.65bc 3854.17b 33.00f 295.00bc 5.24b-d 
Ungrafted 
Crimson Sweet 

10.22a 1.69 d-f 1.45d 3462.86b 44.00bc 318.00b 5.33b-d 

Crimson Sweet/Bitter apple 10.27a 2.77 a 1.47d 3010.25b 52.25a 230.50c 6.02b-d 

AW 80% 

Crimson Sweet/Shintosa 7.75 de 1.91c-e 0.18g 4919.10a 39.16de 418.00a 5.99b-d 
Ungrafted 
Crimson Sweet 

9.90 a 1.60ef 1.15ef 3455.26b 44.50b 294.16bc 5.56b-d 

Crimson Sweet/Bitter apple 10.44a 2.64 a 1.85a 2402.46cd 41.75b-d 391.66a 8.41a 

AW 60% 

Crimson Sweet/Shintosa 7.34e 1.96cd 0.21g 2167.61c-e 37.33 e 249.83bc 4.94c-e 
Ungrafted 
Crimson Sweet 

8.46 b-d 1.82 de 1.17 e 1679.40 de 38.25 de 267.16bc 4.24de 

Crimson Sweet/Bitter apple 9.88a 2.20bc 1.75ab 2075.22 c-e 40.50 c-e 247.50bc 3.20e 

AW 40% 

Crimson Sweet/Shintosa 7.85c-e 1.42f 1.14ef 1243.67 e 31.00f 313.50b 7.13ab 
Ungrafted 
Crimson Sweet 

8.48bc 1.47f 1.01f 2108.57 c-e 26.37f 240.96bc 6.41bc 

Crimson Sweet/Bitter apple 8.90b 2.31b 1.55cd 1797.85 de 40.75b-e 244.66bc 5.08cd 
  

  

�f',P! ['Q 9� /?��Q �2 .�� E�R3��! �+,7 '� �� *  s]7 �� .��� "-K! ;��<)5 .�3���3 �O�� 
  

  

* In each column, means with similar letters are not significantly difference at 5% probability level. 
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Table 7. Results of variance analysis effect of water deficit irrigation and grafting on biochemical traits in grafted and 
non-grafted watermelon. 

Source of variation 
Mean of squares 

df RWC Phenol Antioxidant capacity Flavonoid Terpenoids  
Replication 
Water deficit irrigation 
Error (a) 
Grafting 
Water deficit irrigation × grafting 
Error (b) 

2 
3 
6 
2 
6 

16 

6.96 ns 
135.64 ** 

11.57 
64.07 ns 
21.14 ns 
24.48 

0.24ns 
0.71ns 
0.47 

6.06** 
0.61ns 
0.37 

0.0005ns 
0.0029** 
0.0001 

0.0047** 
0.0005ns 
0.0002 

0.00000004ns 
0.00002723** 
0.00000850 

0.00004004** 
0.00000711ns 
0.00000278 

2.386663ns 
2.6252947* 
3.8919346 
4.41337ns 

3.7933978ns 
0.0000005 

 

CV (%)  7.21 12.84 16.80 6.95 8.53  
  

ns� * s]7 �� ��� "-K! ;��<) � ��� "-K! ;��<) �+H3 Z�)') &2 ** �5 �1  .�O�� 
ns, *, **: Non-significantly difference and significantly difference at 5 and 1percent of probability level, respectively. 

  
 C��18. .�3+��'�d � .�3+�� &3���-� ;�<O "B'2 '2 �3+�� '(� E�R3��! &I�� !.  

Table 8. Means comparison effect of grafting on some traits in grafted and non-grafted watermelon. 

.Grafting Flavonoid 
(µmol/mgFW) 

Antioxidant capacity 
(µmol/mgFW) 

Phenol 
(µmol/mgFW) Root No. 

Crimson Sweet/Shintosa 
Ungrafted Crimson Sweet 
Crimson Sweet/Bitter apple 

0.022 b 
0.023 b 
0.029 a 

0.079 b 
0.092 b 
0.118 a 

4.18 b 
4.59 b 
5.57 a 

10.33 b 
8.93 b 
13.62 a 

s]7 �� .��� "-K! ;��<)�f',P! ['Q 9� /?��Q �2 .�� E�R3��! �+,7 '� �� *5 .�3���3 �O�� 
* In each column, means with similar letters are not significantly difference at 5% probability level. 

  
 C��19. '(� E�R3��! &I�� ! a$  .���2N ;�<O "B'2 '2 &3���-�.�3+��'�d � .�3+��. 

Table 9. Means comparison effect of water deficit irrigation in grafted and non-grafted watermelon. 

Water deficit irrigation Flavonoid 
(µmol/mgFW) 

Terpenoides  
(% DW) 

Antioxidant capacity 
(µmol/mg FW) 

AW 100% 
AW 80% 
AW 60% 
AW 40% 

0.020 c 
0.022 b 
0.024 a 
0.023 b 

0.007 b 
0.007 b 
0.010 a 
0.009 a 

0.07 b 
0.08 b 
0.11 a 
0.07 b 

*  s]7 �� .��� "-K! ;��<)�f',P! ['Q 9� /?��Q �2 .�� E�R3��! �+,7 '� ��5 .�3���3 �O�� 
* In each column, means with similar letters are not significantly difference at 5% probability level. 
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